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contexts. 
INTRODUCTION
Approximately half (45%) of all U.S. pregnancies are unintended [1] , resulting in an estimated $4.5 billion in annual direct medical costs [2] and $21 billion in 2010 Federal and state public expenditures [3] . With increased focus on reducing unintended pregnancy [4] , costeffectiveness analyses are a useful tool to inform decisions regarding efforts to reduce unintended pregnancies and improve reproductive health outcomes by evaluating expected economic and quality of life impact of various interventions [5] . Yet cost effectiveness research related to reproduction, including assessment of utility related to pregnancy, is currently understudied [5, 6] . Further, reliable and valid utility measure estimates are necessary for costeffectiveness analyses regarding unintended pregnancy. To date, the quality of these studies has been limited by lack of objective measures that reflect differences in health utility by pregnancy context.
"Utility" is one way of evaluating health-related quality of life (HRQoL) for specific health states [7] . Existing research on the utility of pregnancy is limited by using utility estimates derived from hypothetical health scenarios among non-pregnant participants [8, 9] . As perspectives on hypothetical health states differ from individuals' actual experiences [10] , research is needed to better characterize the utility of pregnancy in unfavorable pregnancy contexts using more relevant study populations. Furthermore, recent literature has called for awareness of the limitations of considering only whether a pregnancy was intended or planned when evaluating the effects of the pregnancy on a woman's life and health [11, 12] .
Multidimensional pregnancy perspectives may be relevant to women's perceived utility of pregnancy as well. To fill this gap, our study aimed to evaluate health utility of pregnancy occurring in a variety of "contexts" measured as intention, wantedness, planning, timing, desirability, and happiness [13] among a cohort of pregnant women. Specifically, we aimed to calculate utility estimates for varied contexts of pregnancy that can be used in future cost-effectiveness analyses.
We also compared utilities elicited using the visual analog scale (VAS) approach [9, 14] , which has demonstrated validity in previous studies examining valuation of pregnancy outcomes [15, 16] , with those derived from other approaches, including standard gamble [7, 17] , time-trade-off [18] , and the Patient Reported Outcome Measurement Information System (PROMIS) Global Short Form (GSF)-derived utility [19] .
METHODS

Study setting and design
Data for this analysis came from a sample of women presenting for pregnancy testing services at two clinical sites in New Haven, CT, during the period of June 2014 to June 2015.
While the original study included women recruited at various clinical settings including abortion care sites, the current analysis is restricted to women with a recent pregnancy diagnosis from pregnancy testing sites only in order to best assess the relationship between pregnancy context and utility. Women were eligible if they had a positive pregnancy test on the day of recruitment, with a positive pregnancy test regarding study participation. Of those, 123 women were eligible and completed the enrollment questionnaire.
The enrollment questionnaire was self-administered, and ascertained each participant's sociodemographic characteristics, medical history, reproductive history, HRQoL, and assessments of the utility of their current pregnancy. The study protocol was reviewed and approved by the Yale University Human Research Protection Program. Written consent was obtained from study participants prior to enrollment.
Measures of pregnancy context
As previously described [13] , there are six measures of pregnancy context (Appendix A), and assessment of utility scores associated with these pregnancy contexts can enable a more comprehensive understanding of patients' perceptions about their pregnancy-related health state. These context measures included 3 "pre-pregnancy perspectives," including intention, wantedness, and planning, and 3 "post-conception perspectives," including timing, desirability, and happiness. Each of the pregnancy context measures was evaluated as a 3-level categorical variable reflecting a (1) favorable, (2) ambivalent/neutral, or (3) unfavorable pregnancy context. For example, pregnancy intention was categorized as: "intended", "intentions changing", or "unintended." Pregnancy intention, wantedness, and timing were measured using elements from the London Measures of Unplanned Pregnancy (LMUP) construct [20] .
Measures of Utility
Utility is a metric quantifying the "relative value placed on a specific health status or an improvement in health status" [21] . Utility values range from 0 to 1, with 0 representing death and 1 representing perfect health state [22] , while disutility is defined as the corresponding decrease or measured decrement in overall utility. We measured utility using four different approaches detailed below.
Visual Analog Scale
Visual analog scale (VAS) measures utility of health states [9, 14] by asking participants to indicate how they felt after learning they were pregnant by placing a mark on a 10-cm line that ranged from 0 ("As if I was dying') to 10 ("In perfect health") [9] . Values from the 10-cm scale were then calibrated to a 0-1.0 scale.
PROMIS Global Short Form derived utility
We administered the National Institutes of Health (NIH) Patient Reported Outcome Measurement Information System (PROMIS) Global Short Form (GSF) [23, 24] to assess HRQoL [13] . Participants' responses to the GSF were converted to utility scores based on a previously validated algorithm mapping GSF responses to the EuroQol (EQ-5D) utility score [19] .
Standard Gamble
The standard gamble [7] elicitation approach used questions previously employed to assess utility of a hypothetical unintended pregnancy [9] (see Appendix B). The accepted risk of death was then converted to a utility score as (1-accepted risk of death). SG is a well-established method grounded in traditional economic theories to elicit individual's preferences about a given health state under specific conditions of uncertainty [22] . In this method, respondents are given choices regarding willingness to accept a risk of death in order to avoid a specified health outcome; specific to this study, participants' willingness to accept a risk of death to avoid the current pregnancy.
Time Trade-Off (TTO)
Utility assessed using TTO is based upon willingness to trade time at the end of life to avoid a specific disease or health state [22] . In the TTO approach (see Appendix B), disutility was calculated as the time that a woman reported being willing to give up to avoid being pregnant divided by her life expectancy (life expectancy based on U.S. life tables [25] ). Her utility score is then calculated as (1-disutility). For women who selected the upper bound category of time willing to give up (i.e., ≥3 months), our primary analysis calculated their utility score assumed 3 months as the maximum time they were willing to give up. We also performed a sensitivity analysis by using 10 years as the maximum time willing to give up for women in this upper bound category [9] .
Patient characteristics
Measures of potential confounding factors in the association between pregnancy context and utility included sociodemographic characteristics (i.e., age, race, ethnicity, level of education, employment, and relationship status), reproductive history (i.e., parity, previous miscarriage, and previous abortion), presence of chronic medical condition (e.g. asthma, diabetes, thyroid problem), depression, anxiety, and substance use during the previous 3 months Descriptive statistics were estimated to summarize patient characteristics. Bivariate associations between pregnancy contexts and measures of utility were assessed using analysis of variance (ANOVA) or Kruskall Wallis tests for continuous measures depending on whether the utility score was normally distributed. We also estimated linear regression models for VAS and GSF-derived utility scores with and without adjusting for other covariates to examine the magnitude of difference in utility between different pregnancy contexts. Each pregnancy context was assessed in a separate model, using favorable pregnancy context as the referent group (e.g.
intended pregnancy). Pregnancy context was forced into the model and patient characteristics that were significant at p<0.20 level in bivariate analysis were included as covariates in the regression model. Such regression analysis was not performed for SG and TTO-derived utility scores because there was very limited variation in the scores.
Twenty-eight women had missing observations for VAS measurement. We assessed their potential impact on interpretation of findings by comparing patient characteristics (sociodemographics, pregnancy context, and utility scores) between women who completed the VAS versus those with incomplete VAS information. Statistical analysis was performed using SAS 9.4 (SAS Institute, Cary, NC).
RESULTS
Patient Characteristics and Pregnancy Context
Among the 123 participants, mean age was 26.7(±6.3) years and average gestational age at enrollment was 7.5(±3.0) weeks (Table 1) . Most participants were non-Hispanic Black (36.9%) or Hispanic (45.9%). Few (14.8%) were married or had at least some college education (36.0%). Most women were parous (72.9%), and previous miscarriage was reported by 38.8% and previous abortion by 37.9%.
Fifty percent of participants reported that they did not intend to become pregnant, 25.2% that they did not want a baby, 17.9% that pregnancy was unplanned, and 19.5% that the pregnancy occurred at the wrong time (Table 2 ). However, most women reported that they were happy about the pregnancy news (72.4%) and that the pregnancy was desired (60.1%).
Association of Pregnancy Context with Utility
Overall, VAS scores among the sample ranged from 0.04-1.00 with average score of 0.79(±0.27). Mean VAS score varied substantially across different pregnancy context ( Figure   1A , Table 3 ), with VAS-derived mean utility score for unintended pregnancy of 0.68 (95% CI 0.59, 0.77). Wide variation is observed for context measure of happiness with pregnancy news, ranging from 0.28 among those unhappy, 0.67 for neither happy or unhappy, and 0.88 among women happy with pregnancy news. Similar patterns are observed for other context measures, with highest VAS scores among those reporting favorable pregnancy contexts, lower for ambivalent categories and the lowest scores among those with unfavorable pregnancy contexts demonstrated less variation in range across favorable, ambivalent, and unfavorable contexts, particularly for pregnancy intention, ranging from 0.70-0.73. Additionally, lowest mean utility scores for wantedness were observed among those who reported mixed feelings (0.68), while utility among wanted and unwanted pregnancies was 0.74 and 0.71, respectively. GSF-derived utility scores differed significantly across favorable, ambivalent/neutral, and unfavorable perception categories for four pregnancy contexts (i.e., wantedness, timing, desirability, and happiness).
In contrast, SG and TTO-based utility scores showed very limited variability across the different pregnancy contexts and were clustered around 1.0, with overall scores ranging 0.90-1.0 for SG and 0.994-1.00 for TTO; mean values were 0.996(±0.017) for SG and 0.9997(±0.001) for TTO, respectively. The mean SG-based utility varied slightly from 0.985 in unhappy pregnancy to 1.00 in women who had changing intention or mixed wantedness about pregnancy, while the mean TTO-based utility score varied subtly from 0.9990 in unhappy pregnancy to 0.99999 in intended pregnancy. Although SG and TTO-based utility scores differed statistically across the favorable, ambivalent/neutral, and unfavorable perception categories for three and six of the measures of pregnancy context, respectively, the magnitude of the difference was minimal. Our sensitivity analysis using an upper bound of 10 years for calculation of TTO-based utility score showed no material difference in results.
Unadjusted and adjusted regression analyses for the association of pregnancy context with VAS utility are presented in Figure 1B and Table 4 . After adjusting for patient characteristics, greater disutility was observed among those who did not intend to get pregnant, did not want to have a baby, or were ambivalent or reported unplanned pregnancy (mean adjusted difference ranging from -0.13 to -0.28, p<0.03 for these contexts), compared to women reporting their pregnancy was intended, they wanted to have a baby, or pregnancy was planned, respectively. Likewise, women who indicated it was the wrong time to become pregnant, were not sure or not desiring the pregnancy, or were unhappy about the pregnancy news, demonstrated greater disutility measured by VAS compared to those reporting pregnancies that occurred at the right time, were desired, or produced feelings of happiness with the pregnancy news (mean adjusted difference ranging from -0.29 to -0.54, p<0.01 for these contexts). Table 4 also reported unadjusted and adjusted regression analyses for the association of pregnancy context with PROMIS GSF-derived utility score. After adjusting for patient sociodemographic and health characteristics, PROMIS GSF-derived utility score only differed significantly between women who had ambivalent feelings and those wanting to have a baby (mean adjusted difference = -0.05, p=0.01). There was no significant difference in other dimensions of pregnancy context.
Comparison of participants who had complete VAS data versus those with missing data on VAS suggested no statistically significant differences in participant characteristics, pregnancy context, and utility measures (all p values >0.05; data not shown in tables).
DISCUSSION
Among women with a recent pregnancy diagnosis, pregnancies that were reported to have occurred at the wrong time, were unintended, unwanted, not desired, unplanned, or met with unhappiness, are associated with disutility as measured by the visual analog scale (VAS).
The value and range in variability of utility score for these pregnancy contexts differed by measurement approach with the VAS-based approach demonstrating more discriminatory ability across pregnancy context than other measurement methods. This analysis provides utility estimates for "unintended pregnancy", as well as other pregnancy contexts, that can be used in future cost-effectiveness analyses.
A previous study evaluating the utility of unintended pregnancy among 192 non-pregnant women reported a VAS-based score of 0.49 [9] . In contrast, we found a higher VAS-based utility score of 0.68 among women currently experiencing an unintended pregnancy. This is consistent with previous literature suggesting higher utility/lower disutility among individuals experiencing actual health states compared to hypothetical health states [10] , highlighting the importance of assessing utility in actual patient populations.
Our study improves upon and extends the literature in several important ways. First, research examining utility regarding pregnancy among currently pregnant women has been sparse [26, 27] and previous cost-effectiveness analyses have relied on published utility metrics derived from non-pregnant samples [8, 9, 28, 29] . Earlier studies have often focused on hypothetical scenarios of pregnancy [15, 16, 30] , and therefore may not accurately reflect the experiences of pregnant women, including pregnant women's experiences of different pregnancy contexts. In contrast, we assessed utility among currently pregnant women close to the time of pregnancy diagnosis, and controlled for potential confounders in multivariable analysis. Further, use of multidimensional context measures beyond traditional measures of planning and intention are integral to improving our understanding of individual pregnancy perspectives and essential for evaluating impact of various strategies for addressing women's reproductive healthcare needs [11, 12] . However, there has been a lack of data on utility with respect to different pregnancy contexts in the literature. In this regard, our study extends analysis of multidimensional pregnancy perspectives, including pregnancy timing, wantedness, desirability, and happiness with pregnancy. Additionally, we evaluated ambivalence as a separate category, which has been largely overlooked in previous research, and demonstrated significant disutility within this context category (e.g. mixed feelings about wanting to be pregnant). This highlights the importance of more attention to this unique group in future research and clinical care.
Based on our findings, VAS captures the variability of utility across various pregnancy contexts and may be the most appropriate metric for use in assessing health utility among pregnant women. Previous research has demonstrated the validity of VAS in evaluating health states related to pregnancy and birth outcomes, reporting high test-retest reliability among a community-based sample [15] and within group validity among patient, layperson, and professional participant groups [16] . Moreover, VAS measures adequately captured significant differences within specific gynecological conditions including urinary incontinence measures [31] and pelvic inflammatory disease health states [32] . In our analysis, we also found expected differences in VAS-based utility across various pregnancy contexts and significant disutility for ambivalent/unfavorable contexts. On the contrary, GSF-derived utility score only captured variability in selected pregnancy contexts, and SG and TTO-derived utility measures varied minimally across levels of pregnancy context. It is likely that these elicitation methods may not be sensitive enough to detect differences in women's perceptions about the various pregnancy contexts. In addition, methods based on responses to risk of death (SG) contexts are associated with significant disutility, further research is necessary to quantify potential changes in women's perception about pregnancy over time, i.e. whether their reported utility scores may differ as pregnancy progresses and after pregnancy ends (post-abortal or postpartum). Additionally, we demonstrate those with favorable pregnancy contexts have higher utility (e.g. mean VAS for all favorable contexts between 0.88-0.91). Understanding the duration of disutility associated with unfavorable pregnancy contexts will further inform future costeffectiveness analyses. With over 6 million women experiencing pregnancy annually in the U.S.
[33], these additional data will be particularly important to help enhance overall population health.
There are several limitations to the current study. Our cohort included women recruited from urban clinics and therefore may not be representative of the general population of pregnant women. However, the geographic area of our study recruitment is similar in demographic characteristics to the overall U.S. population [34] and study participants also demonstrated substantial diversity in sociodemographic characteristics, reproductive history, utility scores, and pregnancy context. Additionally, our sample size was relatively small; however, we observed statistically significant differences in utility scores across levels of pregnancy context, suggesting this is not a material concern. Future studies with a larger sample size could permit further informative analyses, such as sub-analyses to identify specific patient characteristics associated with lower or higher utility among women with the same pregnancy context. For SG and TTO, we were not able to perform multivariable analysis due to the limited variability in overall scores skewed towards 1.0. Additional research would be helpful to confirm whether such limited variation in utility exists amongst a population of pregnant women using these traditional elicitation methods. We also observed missing values for VAS among 28 participants in our analytic sample, which may be due in part to the self-administered format of the questionnaire and the VAS element inadvertently skipped by respondents. Our sensitivity analysis demonstrated no significant differences between those with VAS measures and those without.
Further, while VAS may be most appropriate for use among a pregnancy population with varied pregnancy contexts, its strengths and limitations in measuring health utility has been debated.
Compared to choice-based elicitation methods such as SG and TTO, the VAS approach has been criticized for being theoretically limited [35] as a single-scale construct that is not choice-based.
Yet others have argued it is theoretically grounded and does incorporate an element of choice that is scaled-based using the VAS line, rather than a choice between two options [36] . Further research validating our findings in other samples, including among women seeking abortion, will provide additional insights regarding the most appropriate measurement of utility for different pregnancy contexts.
CONCLUSION
Among a diverse cohort of women with a recent diagnosis of pregnancy, health utility varied by pregnancy context. Unwanted, unintended, unplanned, not desired, poorly timed or unhappy pregnancies were significantly associated with significant disutility. In addition, women with ambivalent pregnancy contexts also reported considerable disutility. These data provided robust utility scores for specific pregnancy contexts to inform future cost-effectiveness evaluations related to pregnancy. Further research examining potential changes in pregnancy-related utility metrics over time is warranted. 
